Objective: The study was aimed to evaluate the prevalence and prognosis of prostate cancer (PC) and end-stage renal disease (ESRD), determine the risk factors for overall survival (OS) and PC-specific survival (CSS), and evaluate differences in PC-related clinical therapeutic patterns between patients with and without PC-ESRD.
INTRODUCTION
Globally, recent medical improvements have prolonged overall survival (OS) in all disease fields, including end-stage renal disease (ESRD) [1] [2] .
The enhanced surgical techniques and modern immunosuppression in renal transplantation have led to significant improvements in OS and graft survival, with approximately 35.9 years in the transplant half-life of grafts from living donors and 19.5 years for cadaveric grafts [3] . 
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However, despite the necessity of renal transplantation for ESRD, preconditions for organ recipients are multifactorial because of the limited number of available kidneys. One of the conditions for kidney transplantation candidacy is the confirmation of a solid-organ malignancy-free state. To maximize the allocation of resources, the life expectancy of recipients should not be substantially lower than the life of their graft.
Over the past 10 and 15 years, the frequency of recipients older than 50 years has increased by 13% and 21%, respectively [1, [3] [4] [5] [6] . Intuitively, this older male population is at a higher risk for prostate cancer (PC). Additionally, the increasing age of kidney transplant recipients, along with the increased age at initiation of dialysis and the documented increase in survival of patients with ESRD with or without dialysis after kidney transplant, has led to a higher number of kidney transplant recipients diagnosed with PC (1.4-5%) [7] at a two-to five-fold higher incidence than that for the general population [2, 6, 8] . Previous cancer statistics reported that PC is the second most prevalent solid malignancy in transplantation as well as the most common solid malignancy and the second leading cause of cancer death among American men [9] . Thus, the potential for developing PC has become an important clinical concern because of its morbidity and mortality, particularly because of the increase in number of elderly patients undergoing dialysis and renal transplantation. Additionally, PC-related issues associated with the guidelines for prostate-specific antigen (PSA) screening and standard active modalities of care for patients with ESRD diagnosed with PC (PC-ESRD) have emerged as one of the major issues of debate [5, 10] .
Disagreements on the screening and treatment guidelines for patients with PC-ESRD have resulted from the lack of information on ESRD in combination with PC. Therefore, it is important to evaluate the clinico-pathological and prognostic characteristics of PC-ESRD, and to analyze the risk factors for OS and PC-specific survival (CSS). No previous studies have reported Asian patients with PC-ESRD, except for one on the epidemiology after transplantation in Taiwan [11] . Therefore, the aims of the present study were to evaluate the prevalence and prognosis of PC-ESRD in Korea, to determine the risk factors for OS and CSS, and to evaluate differences in PC-related clinical therapeutic patterns between patients with and without PC-ESRD.
RESULTS
The study flow chart is presented in Figure 1 . Compared to the non-ESRD groups, the ESRD group was significantly older, with a higher frequency of obese individuals, had an increasingly higher rate of PC diagnoses over time, had more localized PC, was less actively, surgically, and radio-therapeutically treated, had more nonadenocarcinoma histopathology, had a higher grade of CGI, and a higher non-PC-related death rate (all p<0.001; Table 1) . Overall, 29,519 (75.8%) patients were alive at the start of study period, with a median survival time of 37.4 months (0-108.1 months); of these, 2824 (9.6%) patients with ESRD had a median survival time of 29.9 months (0-108.1 months, Table 1 ). Among 9406 (24.2%) deaths, 1121 (11.9%) patients with ESRD died due to PC-specific deaths (7.4%, N=697) with a median survival of 2.9 years (Figure 1 ). 
(continued)
In the 3945 patients with ESRD, differences in age, body mass index (BMI), time since cancer diagnosis, chemotherapy rate, radiotherapy rate, and treatment rate within 6 months after diagnosis were not significant between the patients without dialysis and transplantation (ND-TPL group) and patients with dialysis or kidney transplantation (D-TPL group). However, compared to the ND-TPL group, the D-TPL group had a significantly higher rate of advanced stage PC, hormonal therapy, and death, while, surgical therapy was performed less frequently in this group (p<0.001, Table 2 ). The median survival times between the D-TPL and ND-TPL groups were 20.2 months (0-107.1 months) and 30.5 months (0-108.0 months), respectively (p=0<0.001, Figure 2 ). The cancer-specific survival curve showed a significantly similar pattern to the OS curves, as compared to the non-ESRD group (78.8%), the ND-TPL (75.6%), and D-TPL (55.5%) groups had lower 5-year CSS rates (p<0.001, Figure 3) .
Results of the adjusted multivariate analysis showed that being in the ESRD group, age, BMI, SEER stage, no treatment within 6 months after diagnosis, prostatectomy, no chemotherapy, no radiation, no hormonal therapy, a non-adenocarcinoma pathology, and CCI group were significant risk factors for OS (Table 3) . Further multivariate analysis for prostate-CSS with competing-risks analysis, the ESRD group, age, BMI, SEER stage, no treatment within 6 months after diagnosis, prostatectomy, no chemotherapy, no radiation, no hormonal therapy, a non-adenocarcinoma pathology, and CCI group were significant risk factors for CSS (Table 4) .
DISCUSSION
Studies that have examined the risk and prognosis of PC diagnosed in the cohort of ESRD, particularly transplanted cohorts, are difficult to interpret; in addition, the history of untreated patients with PC-ESRD is not well characterized because of the detection bias introduced by more intensive and routine screening. However, the United States Preventive Services Task Force suggested PSA screening as a grade D recommendation [12] . Additionally, many recent studies have suggested that PSA screening in cases of ESRD is unnecessary due to the increased over diagnosis of clinically insignificant PC, which may not impact survival without treatment, or the common course of chronic immunsuppression after transplantation [7, [13] [14] [15] . Similar to our finding of a 54.0% localized PC rate in the ESRD group according to the SEER stages (Table 1) , most patients with PC-ESRD have localized PC (53-87.4%) with a low grade (91% cT1c, 72% Gleason sum 6, and 100% pT2 at prostatectomy) and excellent outcomes after treatment (100% recurrence-free survival) [5, 16] . Therefore, PC does not affect the overall mortality, but renal failure is the primary survival-determining factor in ESRD; thus, kidney transplantation is the most important survival factor in patients with ESRD [7, [12] [13] [14] [15] . As one of the pre-requisite conditions for kidney transplantation is a solid-organ malignancy-free state, patients with PC-ESRD and a positive PSA screening test are ineligible for receiving a kidney transplant until a disease-free state is confirmed; thus, their transplantation priority is delayed. A positive screening result for PC significantly increases transplant wait times by about 2-3.5 fold, especially in ESRD patients less than 69 years old, and 75.8% of candidates with ESRD and a positive PSA screening result never received a transplant [7] . In the clinical settings, most clinicians (89%) from 195 United States transplantation centers conducted their routine PSA screening in patients with ESRD, and 73% of them waited until the patients met the eligibility criteria after treatment [17] . In the present study, a low rate of transplant patients with PC-ESRD (3.3%, N=13) and a poor CSS time in patients with PC-ESRD on dialysis (29. 4 Figure 2 ).
Parameter ND-TPL (N=3,783) D-TPL (N=162) P-value
The results of our predictive risk analysis showed that D-TPL ESRD and ND-TPL ESRD were significant independent factors of OS (Table 3 ). The results of multivariate analysis for prostate CSS with competingrisks analysis showed that D-TPL ESRD and ND-TPL ESRD were significant independent factors of CSS (Table 4 ). The D-TPL ESRD group had a significantly higher rate of advanced stage PC (62.6%) and a worse OS (20.2 months) than the ND-TPL ESRD group (30.5 months), which had an advanced PC rate of 44.3% (p<0.001, Tables 1 and 2 ; Figures 2 and 3) . The CSS of patients with PC-ESRD who underwent transplantation (24.7 months) was similar to that in the non-PC-ESRD group (37.9 months) ( Figure 3B) ; thus, transplanted ESRD patients may be considered as non-ESRD. The American Society of Transplantation recommends physical screening after renal transplantation using a digital rectal examination and PSA screening starting at the age of 50 years in men with a life expectancy of >10 years [18] . A recent survey of 195 renal transplantation centers in United States on the practical treatment and screening of PSA in renal transplant patients reported that most clinicians (89%) perform routine PSA screening in patients with ESRD using their specific guidelines [17] .
Standard treatments can be performed in transplant patients with PC-ESRD ensuing satisfactory results in terms of both the oncological outcomes and graft function, which would be similar to those reported in previous studies. D-TPL ESRD patients and non-D-TPL PC-ESRD patients who are candidates for transplantation and have a survival expectancy of 10 years, should be screened for the risks of PC using active PSA screening, because the survival of these patients is potentially the same as that of the general population. The survival of patients with ESRD should be further analyzed, to stratify patients who benefit from PSA screening. Thus, ESRD patients undergoing dialysis, with a <10-year expected survival are not necessarily candidates for PC screening.
An active PC screening, especially in dialysis and transplant patients with ESRD is based on the fact that patients with PC-ESRD usually presented at a more advanced clinical stage and a grade ≥2 (47-55.3% and 45%, respectively, in our study). Moreover, they had an increased tumor volume, shown by the percentage of positive biopsy scores, rapid malignant cell proliferation, aggressive biochemical behavior, and a higher susceptibility to infections [8, 19, 20] . Our study also showed that 62.6% of transplanted PC-ESRD patients were diagnosed with locally advanced or advanced PC. In addition, the required immunosuppression after renal allograft transplant may hinder the immune surveillance of PC because of higher susceptibility to tumorigenesis and infections due to an increased incidence of solidorgan malignancy, suggesting a more aggressive disease course. Forty-seven percent of transplant recipients newly diagnosed with PC-ESRD at a minimum of 1 year after transplantation presented with a locally advanced lesion (T3 or T4) [8] , and transplanted PC-ESRD recipients with active PC treatment achieved a longer survival, which may increase PC-specific mortality over an extended period [21] .
Regarding the PSA references for biopsies and treatment of PC-ESRD, no established PSA ranges with an age reference to ESRD have been studied to determine susceptible patients with positive PC biopsies compared to the general population [22, 23] . Additionally, surgery and other curative forms of treatment such as radiation are associated with risks of damaging the allograft after transplantation. Patients with ESRD have higher PSA levels than the general population [22] , and prostatectomy after transplantation is technically challenging [24, 25] . Radical prostatectomy is a good treatment option for ESRD before transplantation, because it enables patients with ESRD to achieve objective evidence of biochemical control rapidly post-surgery, which makes them eligible for renal transplantation (disease-free state). However, recent small-scale studies have reported successful treatment outcomes using all treatment modalities, including robotic surgeries [21, 26] . Our study also showed that most of the PC-ESRD patients, especially transplant and dialysis patients, were less frequently treated with surgery than other treatment modalities (p<0.05, Tables 1 and 2) . Therefore, standard treatments could be proposed for transplant patients with PC-ESRD to achieve satisfactory results in terms of both, the oncological outcomes and graft function, which is consistent with previous reports.
As with all observational population-based studies, the present study has several limitations. First, although we adjusted for various potential covariates and ICD codes, variables such as lifestyle factors that affect ESRD were not included or routinely captured in a National Institutes of Health (NIH) database, because the database did not capture patients outside of the NIH system. Second, the medical therapies and ESRD patients with failed renal transplantation were not evaluated in terms of survival. Third, any information on the nuclear grades of PC was not obtained, which is important for determining the aggressiveness of PC. Fourth, because of fundamental limitations of this study using huge data with unavailability of clinico-pathological characteristics of patients, including the severity of the disease and tumor burden status in this study. Further prospective studies are needed to verify the poorer survival outcome in, both, OS and CSS in patients with radical prostatectomy found in this study. All the significant prognostic survival factors (OS and CSS), such as Gleason score, treatment interval time after diagnosis, and non-adenocarcinoma pathology were not evaluated in this study because of their unavailability in the National health database.
Despite these limitations, our study offers additional insights into PC-ESRD by extending the evidence to a nationwide cohort, for first time showing the clinical practice trends of diagnosing and treating patients with (continued)
PC-ESRD, as well as that D-TPL and ND-TPL ESRD are significant prognostic factors of OS and CSS.
In conclusion, this is the first study to present the nationwide prevalence of PC in patients with ESRD (10.1%) in Korea, and the fact that presence of ESRD in patients, irrespective of with or without dialysis or kidney transplantation is a significant survival factor along with other significant clinico-pathological factors. Further investigations on PC-ESRD patients who have undergone kidney transplantation are needed to better understand optimal screening methods to avoid overtreatment and under treatment in this unique and challenging patient population.
MATERIALS AND METHODS
This study was approved by the Institutional Review Board (IRB) of the National Cancer Center and Cancer Research Institute in Korea (IRB no.: NCC1310250. The database and methodology of cancer statistics have been described in detail elsewhere; additionally, the database has been the source for numerous epidemiological studies [27] that used cancer incidence and mortality data from 2002 to 2012 from the Korean National Health Insurance System of Statistics Korea [27] and the Korea National Cancer Incidence Database of Korean Central Cancer Registry [28] . were used to select 3945 (10.1%) patients with ESRD before they were diagnosed with PC; these subjects were enrolled in the study (ESRD group). Patients with secondary malignancies were excluded from our study.
Study population

Statistical analysis
The Students t-test, chi-square test, and Fisher exact test were used to compare differences between groups. To predict the incidence and mortality of PC, we first performed a joinpoint regression analysis on available data to determine the year when significant changes occurred in cancer trends according to presence and absence of ESRD (e.g., dialysis, renal transplantation, and no dialysis or transplantation). The survival analysis was performed using Kaplan-Meier curves with log-rank tests of 162 (4.1%) patients with dialysis or kidney transplantation (D-TPL group), and 3783 (95.9%) without dialysis and transplantation (ND-TPL group). A competing-risks analysis was adapted in the multivariate analysis for CSS. Two-sided p-values <0.05 were considered statistically significant. All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). 
